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Abstract—The recent trend towards developing a new 
generation of robots capable of operating in human-centered 
environments, and participating in and assisting our daily lives 
has introduced the need for robotic systems capable to 
communicate and to react to their users in a social and engaging 
way. This type of robot could play essential roles to help 
individuals with severe cognitive problems.  In this paper, several 
core components to design a robotic assisted therapy to support 
individuals with anxiety traits and states are presented.   
Keywords— Agent Based Systems, Robot-Assisted Therapy, 
Anxiety Traits and States. 
I. INTRODUCTION 
It is common for all of us to get nervous or anxious from 
time to time, especially when speaking in public or when going 
through unexpected difficulty. For some people, however, 
anxiety becomes so frequent, or so forceful, that it begins to 
take over their lives. Anxiety is one of the most common 
disorders in the world. For example, in the USA, it is expected 
to affect up to 40 million adults are 18 and older, or 18 per cent 
of the population [1]. It is also worth noting that is common for 
someone with anxiety to also suffer depression or vice versa. 
Nearly one-half of those diagnosed with depression are also 
diagnosed with an anxiety states and traits.  In the past, it might 
have taken months or years and lots of frustration before 
getting a proper diagnosis. Some people are afraid or 
embarrassed to tell anyone, about what they are experiencing 
for fear of being seen as a hypochondriac (a person who is 
abnormally anxious about their health)[1][4][5]. Instead they 
suffer in silence, distancing themselves from friends, family, 
and others who could be helpful [5].  
In recent years, the assistive technology has focused on 
developing more flexible and customizable robotic 
systems[12][16][17]. The main goal of these robots is to 
support individuals with cognitive disorder, and disabled or 
elderly people with special needs in their home environment, 
and therefore to improve their quality of life. Robots may offer 
certain advantages that other technology does not [3]. For 
example, with a physical robot, individuals learn much faster 
than they would from a character on a screen and increased 
sense of social presence in an interaction [2][6][10][15]. People 
are also more compliant when a robot asks them to do 
something [8][12].  
The aim of this paper is to present the basis of an intelligent 
robotic application that complements the existing approaches 
by providing support for individuals with anxiety in the long 
term. This robotic application is expected to have capabilities 
to understand its environment and the individual, providing a 
better monitoring and assessment of the situation 
This paper is structured as follows. After an introduction of 
the area of anxiety, first the robotic design for anxiety 
management is described in some detail. Next, therapy module 
is described. It covers a number of sub-therapy models used as 
building blocks. Later, the integration of the models and 
modules is discussed. Finally, a discussion concludes this 
paper.  
II. ANXIETY STATE 
The cognitive component of anxiety state consists of 
perceptions of threat, as well as cognitive responses to the 
threat perceptions [2]. Cognitive activities are apparent in 
images, thoughts, assumptions or beliefs [7]. In many ways, 
perceptions of danger or threat to vital interests may be 
responses to specific internal or external stimuli. Figure 1 


















Fig.  1. The Experience of Anxiety  
 
Through this process, images, thoughts and assumptions 
may convey a general vulnerability to negative outcomes. 
From this perspective, the cognitive component may contain 
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problem-solving process. For example, a person may believe 
that worry helps to prevent future catastrophe, but at the same 
time the worry will harm his or her health [1][7].  
The physiological component of anxiety consists of innate 
physiological mobilization responses such as muscle tension, 
restlessness, shaking, shallow breathing and sweating [7]. It is 
equally important to mention that if the physiological 
mobilization is prolonged, additional sensation such as 
soreness and nausea may occur. This is the evidence in 
increased activity sympathetic region of the autonomic 
nervous system.  The behavioural component of anxiety is 
related to the flight and fight behaviours. Flight behaviours 
include avoidance, escape, and procrastination, while fight 
behaviours are related to over-preparation, and over-protection 
[13]. 
III. ROBOTIC DESIGN 
The constructed robot named CAKNA (CollAborative, 
Knowledge-oriented and Autonomous) or literally means 
―care‖ in Malay language, is about half a meter tall and is 
designed to sit on a table or countertop. As seen in Fig. 2, 
there is also a small touch-enabled input screen (ASUS 7‖  
smart tablet powered by Android version 4.4.2 KitKat) on the 
front to allow data entry. Off-the-shelf PC components are 
used for the computation abilities (Intel Core i3-4030U 
1.90GHz processor, 4 GB RAM, Windows 8 64-bit Operating 
System, 444GB hard drive) and an inexpensive servo 
controller provides motion control. The robot has one degree 
of freedom in the neck and two in the coupled eyes, allowing 
each a full range of horizontal motion (controlled by Tenvis 
P2P wireless network camera setting). A set of cameras is 
mounted above the eyes providing a view in front of the robot 
to the OpenCV face tracker.  
Fig.  2. Robot Prototype (CAKNA)  
In addition, the user intertace software is designed for the 
robot with the aim to establish a relationship with a person 
over time using an iterative process of measuring aspects of 
the relationship and adapting behavior to the current goals 
(e.g. building trust, sustaining engagement).  
 
A. Software Architecture 
The main software system handles all input and output, 
maintains the overall state of the interaction with the user, and 
handles the flow of interaction based on input from the user. 
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Fig.  3. High-level Software Architecture 
 
Besides that, there are four pieces of peripheral software: the 
face tracker, the motor control system, the speech output 
engine, and the user interface controller. Each of these 
software components is discussed in the next subsection.  
 
B. Face Tracker and Speech Output 
The vision system on CAKNA runs on the face tracking 
API from OpenCV engine. The face tracker is implemented in 
C++ as a standalone piece of software that sends out an (X,Y) 
coordinate set for each face found in a video frame. An 
example of what face tracker sees is in Fig. 4. The action that 
the face tracker captures is eye contact that is maintained with 
a user.  
 
 
Fig.  4. Face Tracking Results from Camera on Robot’s Head 
 
The speech capabilities of the robot were created using an off-
the shelf Android  text-to-speech (TTS) class.  
 
import android.speech.tts.TextToSpeech; 
private void ConvertTextToSpeech() { 
     text = et.getText().toString(); 
     if(text==null||"".equals(text)) 
        { 
     text = "Content not available"; 
     tts.speak(text, TextToSpeech.QUEUE_FLUSH, null); 
        }else 
            tts.speak(text+"is saved", 
TextToSpeech.QUEUE_FLUSH, null); 
    } 
The resulting application written in Android programming 
language was built as a standalone system that is activated 
when the user interacts with the robot. Upon receiving the 
input, it uses the API interface to convert a set of pre-
programmed text into speech and plays the result over the 
robot’s speakers. 
 
C. Computational (Domain) Model 
The implemented relations between different concepts are 
based on findings in [1][4][7][18] that is related to anxiety 
state and disorder. The general structure of the formal model 
for anxiety state is shown in Fig. 5. In this figure, it can be 













Fig.  5. Global Relationships of Variables Involved in the Computational 
Model 
 
Once the structural relationships in the model is determined, 
the model is then formalized. In the formalization, all nodes 
are designed to have values ranging from 0 (low) to 1 (high). 
This model involves a number of instantaneous and temporal 
relations, which are represented in differential equations.  The 
general pattern underlying these dynamical relationships is   
 
   YA(t+δt) = YA(t) +  . <change_expression>. δt 
 
Here, the change of Y is specified for a time interval between t 
and t+δt; and   are personal flexibility parameters that 
represent the speed of the cognitive adjustment processes. 
Within <change_expression> two cases are considered: 
upward (positive) change <upward_change>, and downward 
(negative) change <downward_change>. 
 
<change_expression> = (1-YA(t)). <upward_change> +   
                         YA(t). <downward_change> 
The upward and downward change expressions are 
determined using the operator Pos(x) defined as Pos(x) = x 
when x≥0, else 0.  
<upward change> = Pos(<basic change>)  
<downward change> = - Pos(- <basic change>) 
 
Using the aforementioned concepts, Eq. (1) and (2) are some 
examples from the computational model.  
 
Sr(t)=[αs.Pe(t)+(1-αs ).Lw(t)].(1-Tr(t))         (1)  
 
Where, short-term response (Sr) is represented by a level of 
physical event, long-term worry (Lw) and personal traits (Tr). 
Long term response (Lr) is primarily contributed the 
accumulation exposure towards short term response. 
 
Lr(t+δt)=Lr(t)+βL.[Pos(Sr(t)-Lr(t)).(1-Lr(t))                                         
                                        -Pos(-(Sr(t)-Lr(t)).Lr(t)].δt           (2) 
 
Using all defined mathematical specifications, a simulator was 
developed for experimentation purposes; specifically to 
explore interesting patterns and traces that explain the 
behaviour of the computational model related to anxiety 
states. Figure 6 shows the results from simulation (using high-
low exposure towards stimulus) for individuals with high (A), 
moderate (B), and normal (C) trait in developing anxiety 
states.  
 
Fig.  6. Anxiety Level during High-Low Exposure 
 
From Fig. 6, it can be concluded that individuals with high 
anxiety trait have difficulties in reducing their anxiety level as 
compared those who do not [18].  
 
 
Fig.  7. Anxiety Level during Prolonged and New Exposure 
In the same manner, if the individuals with high anxiety traits 
are exposed to prolonged stimulus or new stimulus, their 
anxiety level tends to spike higher than the rest [5][18] (as 
shown in Fig. 7).    
D. User Interface     
The goal of the user interface is to make the minimal 
possible demand on the user during the robot’s use in therapy 
[10]. To attain this goal, the user interface controlling the robot 
must meet certain criteria. First, it must be easily 
understandable to users. In order to effectively use robots in 
therapeutic environments, simple choice of words and 
instructions were employed. Second, the interface must support 
the ability to allow user feedback in a non-linear fashion. 
Contrary to the linear approach, the non-linear feedback 
reduces the predictable patterns of interaction, thus ensuring 
productive therapy sessions [11]. The user interface is written 
in the Android programming language.  The codes developed 
for this robot produces output screens based on the needs of the 
interaction for anxiety management. The actual content of most 
screens is parameterized so that the main control code can 
determine the text or data to be shown on a given screen at 
runtime. Only when a user has a clear understanding of what 
the system is, and what it can be expected to provide, can there 
be an opportunity for the robotic system to fulfil those 
expectations. 
  
IV. THERAPY MODULE 
 During the episode of anxiety, there is a perception of 
potential threat to vital interests and preparatory or avoidant 
responses to that threat occur. The perception of and responses 
to threat are apparent in specific cognitive, physiological, and 
behavioural activities [9][10]. The treatment or therapy 
processes are based from those aforementioned concepts. The 
information from the computational model will be used to 
identify types of therapy that will be selected to support 
individuals. This weighted network was used to specify a 
support model (therapy module) is in a numerical manner. For 
this approach, each support action (e.g., a1) will receive a 
summation of weighted input (y) from a set of selected 
assessments (xi). For this, a form of continuous logistic 
function can be used, as in 
y(t) = i xiwi            (3) 






]         (4) 
 
where w is a weight vector,  is a steepness and   a threshold 
parameter. In this choice, a common practise is followed 
(logistic function) but other types of combination functions 
can be specified as well. For this approach, the connection 
between the agent’s assessment results and support actions can 
be represented as follows: 
 
assesment(x1,V1)  ....  assesment(xk, Vk)   
support_action(a1, f(V1, ..., Vk))                              (5) 
where f(.) represents a combination function. 
 
Results from the continuous logistic function will be evaluated, 
where a support action with the highest value will be chosen. 
However, to allow agent’s flexibility in providing support, 
users can choose more support actions with second or third 
highest values. It is important to realise that the goal of therapy 
is not to eliminate anxiety; rather to maintain adaptive forms of 
anxiety and markedly reduce that are nonadaptive.   
 
 First, the cognitive component of anxiety state can be 
modulated with a variety of techniques. These techniques 
include psychoeducation, cognitive restructuring, hypothesis 
testing, and positive imagery. For this project, a positive 
imagery technique was implemented as a therapy component. 
Positive imagery is used to replace negative images evoked by 
particular stimulus events with more realistic positive images 
[4][13]. This technique is based upon the principle of 
reciprocal inhibition (proses to strengthen associations of 
positive sensory imagery with stimulus events. Progressive 
muscle relaxation (PMR) involves a two-step process  (tension 
and releasing tension) in which a person will systematically 
tense and relax different muscle groups in the body.  PMR 
exercises will increase awareness of the location and degree of 
muscular tension, thus allowing a person to counter possible 



























Fig.  8. An Example of Progressive Muscle Relaxation Therapy 
 
Diaphragmatic breathing is a skill that is taught to reduce 
symptoms of excessive arousals. It increases awareness of 
problematic patterns of breathing that intensify and maintain 
physiological symptoms of arousal. Furthermore, it will allow 
TABLE I: THERAPY COMPONENTS 
Target Components Techniques 
Cognitive component Positive imagery  
Physiological component Progressive muscular relaxation, 
Diaphragmatic breathing 
Behavioural component Response prevention  
Loosen your clothing, take off shoes and 
get comfortable
Breathing in and out in slow, deep breaths
Shift your attention to your right / left foot
Slowly tense the muscles in your right /left 
foot, squeezing as tightly as you can. Hold 
for a count of 10.
Relax your right /left foot. Focus on the 
tension flowing away 
Stay in this relaxed state for a moment, 
breathing deeply and slowly
Complete ?
When you finish a session, relax with your 






user to modify breathing patterns to resemble those that 
naturally occur in a relaxed state.  
 
 
Fig.  9. CAKNA in action 
 
Another therapy method called behavioural response 
prevention. This concept plays an important role to confront 
the thoughts on images, objects and situations that make a 
person anxious. For example, it reduces excessive coping 
behaviours such overwhelming in preparatory act, too much in 
reassurance seeking and overcautious. These therapy outlines 
have simple IF-THEN and DO-WHILE logic, making them 
straightforward for the users and also therapists to use the 
robot.  
V. INTEGRATION 
A basic element in the ambient agent model is the integration 
of domain model within it. By incorporating the domain 
model, an ambient agent gets an understanding of the 
processes of its environment [14]. Basically, there are two 
different ways to integrate a domain model within an agent 
model. First, the domain model is used as a basis to perform 
analysis of human’s states and processes by reasoning on 
observations and specific sensors (analysis model). Second, 
the domain model is used as a foundation to provide support 
for the human (support model).  Table II provides the 
interaction between aforementioned module/model related to 
its respective components. 
 
TABLE II: INTEGRATION  COMPONENTS 
Components Module / Model 
Software agent (robot) Computational and analysis model 
about anxiety 
Support model  Therapy module  
Therapy action repository Types of therapy 
Human agent model Computational (domain) model 
 
 These two models are used within the two corresponding 
components within the ambient agent model. Fig. 10 (dotted 
arrows, left hand side) shows these two types of integration of 
the domain model in the ambient agent model. A third way of 
using the domain model is as an agent model to simulate 
human behaviour in order to test the ambient agent model 














Software agent (robot) human agent model
 Fig.  10. Overall design of the ambient agent and the integration of the 
computational (domain) model. Here solid arrows indicate information 
exchange (data flow) and dotted arrows the integration of the domain model 
within the agent /robot  model. 
 
Within these components of the agent model, the domain 
model has been integrated which by itself consists of two 
(dynamical) models, a model for the anxiety of the human and 
a model for the effects of therapy (support).  
 Analysis component: To perform analysis of the human’s 
states and processes by model-based reasoning based on 
observations and the domain model.  
 Support component: To generate support actions for the 
human by (model-based) reasoning based on 
observations and the domain model. 
 
In the analysis model, a set of different combination of several 
generated computational specifications is analyzed. By 
analyzing these combinations, the person’s potential risk in 
anxiety can be monitored and predicted. It provides as an 
input to the assessment component, and later will be analyzed 





support_action(a1, f(V1, V2)) 
support_action(a2, f(V1, V3)) 
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Fig.  11 Overview of the Support Component 
 
 By incorporating such domain models within an agent 
model, an integrative robotic model is obtained.  It has an 
understanding of the processes of its surrounding 
environment, which is a solid basis for knowledgeable 
intelligent behaviour. Note that here, the domain model that is 
integrated refers to one agent (the human considered), whereas 
the agent model in which it is integrated refers to a different 
agent (software agent/robot). 
 
VI. DISCUSSION 
In this paper, the design of a robotic therapy model that 
supports persons with anxiety and promote their well-being 
was proposed. The designed robot integrates a domain model 
of the functioning of the anxiety, physical and software 
modules.  It exploits an integrated model (analysis and support 
models) to monitor and evaluates an individual’s state using 
this computational model. Based on these assessments,  
dedicated support actions tuned to the circumstances are 
generated, thereby taking into account guidelines adopted from 
anxiety management programmes.  It provides another 
approach to perform self-therapy for individuals who suffers 
from anxiety disorder. The designed robot shows a clear 
promising tool which can be helpful to people who experience 
anxiety and similar mental sufferings. It is expected that this 
work can promote the creation of other similar robotic systems 
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